Bright-field HER2 dual in situ hybridization (DISH) assay on breast cancer cell blocks: a comparative study with histological sections by unknown
ORIGINAL ARTICLE
Bright-field HER2 dual in situ hybridization (DISH) assay
on breast cancer cell blocks: a comparative study with histological
sections
Rieko Nishimura1 • Nami Okamoto1 • Masakazu Satou1 • Kenta Kojima1 •
Shinichi Tanaka1 • Natsumi Yamashita2
Received: 27 August 2015 / Accepted: 21 December 2015 / Published online: 8 January 2016
 The Author(s) 2016. This article is published with open access at Springerlink.com
Abstract
Background HER2 testing for samples from recurrent or
metastatic disease is recommended by the 2013 update of
the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) guidelines and cyto-
logical analysis can be applied to several types of meta-
static lesions. However, the practical method to assess the
HER2 testing of breast cancer cytology specimens has yet
to be resolved. Therefore, we conducted the bright-field
HER2 dual in situ hybridization (DISH) assay on cell
blocks (CBs) prepared from breast cancer cell samples as a
validation study before clinical use.
Methods CBs were prepared from tumor cell samples
collected from 54 surgically excised breast tumors. The
cells were fixed in 10 % buffered formalin for 16–28 h,
and embedded in paraffin. The INFORM HER2/neu Dual
ISH DNA Probe Cocktail was used for the DISH assay on
the Ventana BenchMark ULTRA (Roche Diagnostics).
Results Successful results were obtained in 51 of 54 CB
specimens, and the results from the CB specimens were in
agreement with those from the histological sections in 48
of the 51 cases (concordance rate, 94 %; kappa, 0.846).
The intraclass correlation coefficient (ICC) between the CB
and histological specimens in the continuous HER2/CEP17
signal count ratio was 0.89 (95 % CI 0.81–0.93), and the
Pearson’s CC was 0.91 (95 % CI 0.85–0.94).
Conclusion The HER2 DISH assay, utilizing 10 % buf-
fered formalin-fixed CB, would be a reliable and ideal
method to assess the HER2 gene status of breast cancer
cytological specimens.
Keywords Breast cancer  Cytology  Cell block  HER2
gene  DISH
Introduction
HER2 testing for samples from recurrent or metastatic
disease is recommended by the 2013 update of the Amer-
ican Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP) guideline [1], due to the possi-
bility that HER2 status may differ in recurrent disease.
Cytological analysis can be applied to several types of
metastatic lesions, as well as body cavity fluids, and is
useful for patients who are in poor condition.
Several studies have reported good correlations between
hormone receptor status in several types of cytological
specimens, with their corresponding histological sections
[2–4]. However, there are issues that remain to be resolved
regarding HER2 testing for cytological specimens.
Immunocytochemical detection of HER2 protein over-
expression in cytological specimens is unreliable due to
unstable staining [5–11]. Although HER2 gene amplifica-
tion visualization in cytological specimens by fluorescence
in situ hybridization (FISH) demonstrates strong and con-
sistent correlation with the HER2 status of the tissue
samples [5, 6, 12, 13], there are some limitations to the
FISH assay, such as the need of dark-field fluorescence
microscopy and the lack of morphological details.
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To overcome some of these limitations, the bright-field
HER2 dual in situ hybridization (DISH) assay was devel-
oped. There are only a few reports of HER2 gene detection
in cytological specimens using the bright-field HER2 DISH
assay [14–18]. At the view of this, we need a preliminary
validation study for the DISH assay to find a suit-
able method for cytological specimens before this method
can be adopted in routine clinical practice.
Here, we conducted the DISH assay on cell blocks
(CBs) prepared from cancer cell samples collected from
surgically excised breast cancers, and compared the results
with those from the corresponding histological sections.
Materials and methods
CBs were prepared from tumor cell samples collected from
54 surgically excised breast tumors. Approximately 4-lm-
thick sections were prepared on silanized glass slides from
the CBs and the corresponding tissue blocks; the DISH
assay and IHC staining were then performed on both the
CB and tissue slides. The assay and staining were per-
formed with a Ventana BenchMark ULTRA (Roche
Diagnostics, Basel, Switzerland). The 2013 ASCO/CAP
criteria for HER2 testing in breast cancer [1] was used to
categorize the results. Two cases were excluded due to the
small number of cells on the slide, and one case was
excluded due to assay failure; therefore, 51 cases were
included in the statistical analysis.
Preparation of CBs
A single specimen was collected from each tumor using a
21-gauge needle attached to a 20-ml syringe mounted on an
aspiration gun. The cells were fixed in 10 % buffered
formalin for 16–28 h, and embedded in paraffin according
to routine procedures.
Preparation of histological specimens
Representative sections were prepared from the cut surface
of the resected breast tumors. Tissues were fixed in 10 %
buffered formalin for 24–48 h, and embedded in paraffin
according to routine procedures.
Histological breast cancer types
The following tumors were included: 49 invasive ductal
carcinomas of no special type, two invasive lobular carci-
nomas, two noninvasive ductal carcinomas, and one
mucinous carcinoma.
DISH assay
The INFORM HER2/neu dual ISH DNA Probe Cocktail
assay was performed on both the CB and tissue sections
using the Ventana BenchMark ULTRA (Roche Diagnos-
tics, Basel, Switzerland). The DISH assay was performed
according to the manufacturer’s recommended protocol for
surgical specimens. The standard protocol was initially
performed for both types of sections; however, the protease
reaction time was extended if the signals were weak. The
HER2/neu (black) to chromosome enumeration probe 17
(CEP17) (red) ratio was manually counted using a light
microscope in each specimen by one of the authors (NM),
and the results confirmed by another author (RN). At least
20 cells were counted.
Evaluation of the DISH results
The 2013 ASCO/CAP criteria for dual-color in situ
hybridization (ISH) [1] were used to categorize both the
CB and tissue section slides. The criteria consist of the
combination of the HER2/CEP17 ratio and the average
number of HER2 signals per cell. HER2 gene amplification
was scored as ‘‘amplified’’ if the case had a HER2/CEP17
signal count ratio of 2.0, or, if the HER2/CEP17 signal
count ratio was\2.0 but the average number of HER2
signals per cell was 6.0; ‘‘equivocal’’ if the case had a
HER2/CEP17 signal count ratio of\2.0 and the average
number of HER2 signals per cell was 4.0 and\6.0; and
‘‘not amplified’’ if the case had a HER2/CEP17 signal
count ratio of\2.0 and the average number of HER2 sig-
nals was\4.0. CB results were compared with the tissue
results from the same case.
Data management
The Cohen’s kappa coefficient was used to assess the
correlation between the results from the CBs and those
from the tissue specimens both in the DISH assay and IHC
staining. The correlation was scored as ‘‘good’’ if the kappa
value exceeded 0.6 and ‘‘excellent’’ if it exceeded 0.8.
The intraclass correlation coefficient (ICC) and the
Pearson’s correlation coefficient (CC) with a 95 % confi-
dence interval (CI) were used on the continuous HER2/
CEP17 signal count ratio to estimate the agreement
between the CB and tissue specimens.
The Cohen’s kappa coefficient was calculated by
Microsoft Office Excel 2013 software, and the ICC and CC
were calculated using the irr package in the R statistical
software: (http://cran.r-project.org/web/packages/irr/irr.
pdf).
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Results
Comparison of HER2 DISH results in CB
and histological sections
As shown in Table 1, of the 51 cases analyzed, 48 cases
showed agreement between the DISH results for the CB
specimens and the corresponding histological sections
(concordance rate, 94 %; kappa, 0.846). Ten cases showed
HER2 amplification (Fig. 1), while 37 did not show HER2
amplification in either the CB or histological sections
(Fig. 2). One case showed equivocal in both the CB and
histological section. There were three discrepant cases, as
follows: amplified in the CB but not amplified in the
histological section, not amplified in the CB but amplified
in the histological section, and equivocal in the CB and not
amplified in the histological section.
The CBs and histological sections showed good agree-
ment in the continuous HER2/CEP17 signal count ratio
(Fig. 3); the ICC was 0.89 (95 % CI 0.81–0.93), and the
Pearson’s CC was 0.91 (95 % CI 0.85–0.94).
Discussion
Evaluation of the HER2 receptor status at metastatic
sites is important for selecting the correct chemotherapy
for treatment of recurrent disease [1]. Therefore, the use
of cytology can be the only mode of tissue collection in
the cases of metastatic lesion from which biopsies are
difficult to obtain, a particular example being from body
cavity fluids. Several studies have reported good corre-
lations between hormone receptor status in several types
of cytological specimens with their corresponding histo-
logical sections [2–4]. However, issues remain in HER2
testing using cytological specimens in routine clinical
practice, both in the immunocytochemical detection of
HER2 overexpression, as well as in gene amplification
visualization by fluorescence in situ hybridization
(FISH).
Table 1 Comparison of HER2 DISH results from cell blocks and
histological sections
Cell block Histological section
Amplified Equivocal Not amplified Total
Amplified 10 0 1 11
Equivocal 0 1 1 2
Not amplified 1 0 37 38
Total 11 1 39 51
DISH dual in situ hybridization
Fig. 1 An example of a case
with HER2 gene amplification
showing consistent results
between the histological
specimen and cell block. The
HER2/CEP17 ratio is 9.8 in the
histological specimen (a) and
6.1 in the cell block (b)
Fig. 2 An example of a case
with no amplification of the
HER2 gene showing consistent
results between the histological
specimen and cell block. The
HER2/CEP17 ratio is 1.2 in
both the histological specimen
(a) and the cell block (b)
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Discordant results have been reported using immuno-
cytochemical detection of HER2 protein overexpression in
several cytological specimen types, including CBs [5–11].
In a preliminary study at our institution, we encountered
difficulty in scoring HER2 status by immunostaining using
liquid-based cytological specimens stored in ThinPrep
PreserveCyt Solution (Hologic), and found a low concor-
dance rate with the histological sections (data not shown).
While several reports of FISH-based analyses using
cytological specimens have demonstrated its accuracy and
sensitivity [5, 6, 12, 13], this method has some disadvan-
tages. In the FISH assay, morphological features are dif-
ficult to visualize under dark-field imaging. Therefore, the
FISH assay is not suitable in clinical use for cytological
specimens from body cavity fluids or aspirates, due to the
presence of several non-neoplastic inflammatory cells. In
addition, the FISH assay requires fluorescence imaging;
however, fluorescence signals often fade quickly, unable to
provide a permanent record.
There have been a few studies utilizing the HER2 DISH
assay on liquid-based cytology specimens using the Thin-
Prep technique [14–16] and CBs [17, 18]. However,
because the fixatives and fixation times were not well
controlled in these previous studies, the DISH assay pro-
tocol required modification for adaptation to the particular
cytological material being used.
There are two studies utilizing the HER2 DISH assay on
CBs [17, 18]. Fritzsche et al. compared CB DISH results
with those from CB FISH and histological specimens [17],
although the authors did not compare CB specimens with
histological specimens using DISH, and their samples
included both primary and metastatic sites. Hartman et al.
performed a pilot study of the DISH assay on CBs from 18
samples [18]. They compared three types of CBs using
different fixatives, and the results were compared with the
HER2 status determined by immunostaining or FISH;
however, no comparison was performed between the CB
DISH results to the histological specimen. Therefore, the
present study is the first to compare the HER2 DISH assay
on CBs from breast cancer primary sites with the corre-
sponding histological sections.
The present study used cell samples fixed in 10 %
buffered formalin for 16–28 h and embedded in paraffin.
The fixation time was determined by preliminary testing,
and to accommodate typical clinical working schedules.
CBs were chosen because they are better suited for use in
routine clinical practice, compared with cytological
smears; formalin fixation and paraffin embedding are rou-
tinely used for processing histological sections in pathol-
ogy laboratories. Because of the variation in fixation times
in the previous studies using CBs, modification of the
reported protocols was necessary to obtain slides with cells
in good condition and sufficient signal; the same protocol
was then used for both the CB and tissue sections in our
study.
There was a strong correlation between the CB and
histological HER2 DISH results; however, there were three
discrepant cases. The discrepancy of all cases was
attributable to differences in the distribution of the ampli-
fied cells between the CBs and histological specimens.
In summary, the DISH assay using CBs fixed in 10 %
buffered formalin with an adequate fixation time would be
the ideal method to assess the HER2 gene status of breast
cancer cytology specimens.
This study was approved by the ethics committee at
Shikoku Cancer Center on May 8 in 2014 (No. 19).
Acknowledgments This study was supported by the Grant-in-Aid
for Clinical Research from the National Hospital Organization (H26-
NHO-Gan ippan-02).
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict
of interest.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
References
1. Wolff AC, Hammond MEH, Hicks DG, Dowsett M, McShane
LM, Allison KH, et al. Recommendations for human epidermal
growth factor receptor 2 testing in breast cancer: American
Society of Clinical Oncology/College of American Pathologists
clinical practice guideline update. J Clin Oncol. 2013;31:3997–
4013.
2. Leung SW, Be´dard YC. Estorogen and progesterone receptor
contents in ThinPrep-processed fine-needle aspirates of breast.















Fig. 3 Distribution of the continuous HER2/CEP17 signal count ratio
in the histological specimens and cell blocks. The two types of
specimens showed good agreement when the ratio was below 2.0
920 Breast Cancer (2016) 23:917–921
123
3. Nishimura R, Aogi K, Yamamoto T, Takabatake D, Takashima S,
Teramoto N, et al. Usefulness of liquid-based cytology in hor-
mone receptor analysis of breast cancer specimens. Virchows
Arch. 2011;458:153–8.
4. Konofaos P, Kontzoglou K, Georgoulakis J, Megalopoulou T,
Zoumpouli C, Christoni Z, et al. The role of ThinPrep cytology in
the evaluation of estrogen and progesterone receptor content of
breast tumors. Surg Oncol. 2006;15:257–66.
5. Bofin AM, Ytterhus B, Martin C, O’Leary JJ, Hagmar BM.
Detection and quantitation of HER-2 gene amplification and
protein expression in breast carcinoma. Am J Clin Pathol.
2004;122:110–9.
6. Beatty BG, Bryant R, Wang W, Ashikaga T, Gibson PC, Leiman
G, et al. HER-2/neu detection in fine-needle aspirates of breast
cancer: fluorescence in situ hybridization and immunocyto-
chemical analysis. Am J Clin Pathol. 2004;122:246–55.
7. Nizzoli R, Bozzetti C, Crafa P, Naldi N, Guazzi A, DiBlasio B,
et al. Immunocytochemical evaluation of HER-2/neu on fine-
needle aspirates from primary breast carcinomas. Diagn Cyto-
pathol. 2003;28:142–6.
8. Kinsella MD, Birdsong GG, Siddiqui MT, Cohen C, Hanley KZ.
Immunohistochemical detection of estrogen receptor, proges-
terone receptor and human epidermal growth factor receptor 2 in
formalin-fixed breast carcinoma cell block preparations: corre-
lation of results to corresponding tissue block (needle core and
excision) samples. Diagn Cytopathol. 2013;41:192–8.
9. Kumar SK, Gupta N, Rajwanshi A, Joshi K, Singh G. Immuno-
chemistry for oestrogen receptor, progesterone receptor and
HER2 on cell blocks in primary breast carcinoma. Cytopathol.
2012;23:181–6.
10. Bueno Angela SP, Viero RM, Soares CT. Fine needle aspirate
cell blocks are reliable for detection of hormone receptors and
HER-2 by immunohistochemistry in breast carcinoma. Cyto-
pathol. 2013;24:26–32.
11. Williams SL, Birdsong GG, Cohen C, Siddiqui MT. Immuno-
histochemical detection of estrogen and progesterone receptor
and HER2 expression in breast carcinomas: comparison of cell
block and tissue block preparations. Int J Clin Exp Pathol.
2009;2:476–80.
12. Gu M, Ghafari S, Zhao M. Fluorescence in situ hybridization for
HER-2/neu amplification of breast carcinoma in archival fine
needle aspiration biopsy specimens. Acta Cytol. 2005;49:471–6.
13. Nishimura R, Kagawa A, Tamogami S, Kojima K, Satou M,
Yamashita N, et al. Correlation of HER2 gene status assessment
by fluorescence in situ hybridization between histological sec-
tions and cytological specimens of breast cancer. Breast Cancer.
2014.
14. Vocaturo A, Novelli F, Benevolo M, Piperno G, Marandino F,
Cianciulli AM, et al. Chromogenic in situ hybridization to detect
HER-2/neu gene amplification in histological and ThinPrep-pro-
cessed breast cancer fine-needle aspirates: a sensitive and practical
method in the trastuzumab era. Oncologist. 2006;11:878–86.
15. Sartelet H, Lagonotte E, Lorenzato M, Duval I, Lechki C, Rigaud
C, et al. Comparison of liquid based cytology and histology for
the evaluation of HER-2 status using immunostaining and CISH
in breast carcinoma. J Clin Pathol. 2005;58:864–71.
16. Beraki E, Sauer T. Determination of HER-2 status on FNAC
material from breast carcinomas using in situ hybridization with
dual chromogen visualization with silver enhancement (dual
SISH). Cytojournal. 2010;7:21.
17. Fritzsche FR, Bode PK, Moch H, Kristiansen G, Varga Z, Bode B.
Determination of the Her-2/neu gene amplification status in cyto-
logic breast cancer specimens using automated silver-enhanced
in situ hybridization (SISH). Am J Surg Pathol. 2010;34:1180–5.
18. Hartman AK, Gorman BK, Chakraborty S, Mody DR, Schwartz
MR. Determination of HER2/new status: a pilot study comparing
HER2/neu dual in situ hybridization DNA probe cocktail assay
performed on cell blocks to immunohistochemistry and fluores-
cence in situ hybridization performed on histologic specimens.
Arch Pathol Lab Med. 2014;138:553–8.
Breast Cancer (2016) 23:917–921 921
123
